THE  NUTRITIVE  VALUE  OP  WHOLE  WHEAT,  ENRICHED  AND  NON-ENRICHED 
FLOUR 'IN  ADEQUATE  AND  INADEQUATE  DIETS 


by 


RUTH  IRENE  WELLS 
B.  S. ,  Central  Missouri  State  College,  1943 


A  THESIS 


.  submitted  in  partial  fulfillment  of  the 


requirements  for  the  degree  of 


MASTER  OF  SCIENCE 


Department  of  Poods  and  Nutrition 


KANSAS  STATE  COLLEGE 
OF  AGRICULTURE  AND  APPLIED  SCIENCE 


1948 


11 

1 

A115D3    S7SDS7 

guH  TABLE  OP  BonessTs  ^ 


INTRODUCTION   .    1 

REVIKiV  C                   I  V 7 

BORE!     I   ,  PROCEDURE 16 

RESULTS  AND  DISCUSSION 22 

7ir3t  Experiment:   lour-  Furnish**  62  Per  Cent 

of  the  Total  Calories 22 

Second  Experiment:  Flour  i/urnished  40  Per  Cent 

of  the  Total  Calories 29 

Third  Experiment:   Flour  Furnished  33  Per  Cent 

of  the  Total  Calorics 31 

General  Discussion  of  the  Three  Experiments  •  34 

SUMMARY 39 

ACKKC        IT 02 

LITERATURE  CITED  63 


INTRODUCTION 

Breads  and  cereals  have  always  occupied  an  important  place 
in  the  diet  of  man.  Until  1380  when  a  method  of  refining  flour 
was  perfected,  bread  was  made  from  whole  grain  cereals.  In  the 
billing  of  flour  the  germ  and  bran  portions  of  the  wheat  grain 
are  almost  completely  removed.  The  vitamins  and  minerals  which 
occur  almost  wholly  in  the  bran  and  in  the  germ  portions  of  the 
wheat  berry,  are  lost  in  the  milling  process.  Patent  flour, 
70  per  cent  extraction  of  the  wheat  berry,  contains  75.9  per 
cent  carbohydrate  and  10.8  per  cent  protein.  For  best  health 
50  to  60  per  cent  of  trie  total  energy  supply  of  the  body  should 
come  from  carbohydrates.  Flour  and  bread  are  good  sources  of 
carbohydrates  but  in  order  for  the  carbohydrates  to  be  utilized 
by  the  body,  B-complex  vitamins  must  be  present.  These  vita- 
mins are  necessary  for  the  formation  of  the  enzymes  which  aid 
in  carbohydrate  oxidation. 

Food,  to  be  utilized  in  the  body,  must  first  bo  digested. 
During  the  process  of  digestion,  carbohydrates  are  hydrolyzed 
by  the  digestive  enzymes  to  hexoses,  namely;  glucose,  fructose, 
and  galactose.  The  sugars  are  water  soluble  and  are  absorbed 
directly  into  the  blood  stream  from  the  digestive  tract.  The 
blood  carries  these  through  the  portal  vein  to  the  liver  and 
the  liver  cells  convert  the  hexoses  to  glucose.  The  only  sugar 
found  in  the  blood  is  glucose  which  is  carried  by  the  blood 
to  all  body  cells  where  the  carbohydrates  are  oxidized  for 


energy. 

The  first  step  in  the  oxidation  of  glucose  is  the  combin- 
ing of  two  molecules  of  phosphoric  acid  with  a  molecule  of 
glucose.  This  is  illustrated  by  the  following  equation. 
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As  shown  by  the  equation  a  hexose  diphosphate  results  in  which 
the  sugar  appears  to  be  fructose  rather  tJian  glucose. 

The  second  stop  in  carbohydrate  oxidation,  as  illustrated 
below,  requires  the  action  of  the  hormone  insulin  which  is 
secreted  by  the  pancreatic  cells  and  is  carried  by  the  blood 
to  all  the  cells  in  the  body  where  oxidative  reactions  are 
taking  place. 
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The  hormone  insulin  aids  in  the  breakdown  of  fructose  di- 
phosphate to  triose  monophosphates  called  respectively  dl- 
hydroxyacetone phosphate  and  beta-phosphoglyceric  aldehyde. 
Coenzymes  I  and  II  aro  essential  for  the  oxidatlon-re- 
. duction  reaction  in  which  two  molecules  of  beta-phosphoglyceric 
aldehyde  forms  one  molecule  of  beta-phosphoglyceric  acid  and 
one  molecule  of  phosphoglycerol  as  shown  in  the  following 
equation. 
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Coenzyme  I  contains  one  uolocule  of  nicotinic  acid  amido, 

one  molecule  adenine,  two  molecules  of  a  pentose  (ribose), 

and  two  molecules  of  phosphoric  acid.  Coenzyme  II  differs 

from  coenzyme  I  only  in  having  a  third  phosphoric  acid  radical 

in  the  molecule.  Coenzymes  I  and  II,  both  of  which  contain 

niacin,  are  i-r.portant  in  the  reversible  oxidation-reduction 

activity,  or  they  have  the  ability  to  give  up  or  take  up 

oxygen  or  hydrogen.  They  also  aid  in  transporting  oxygen 

across  the  cell  wall,  niacin  is  also  necessary  in  the  diet 

because  it  aids  in  promoting  the  metabolism  of  heavy  metals 

such  as  iron  and  copper.  It  aids  in  the  transferring  of  oxygen 

from  the  blood  to  the  cells.  A  rearrangement  occurs  in  which 

the  phosphoric  acid  of  the  beta-phosphoglyceric  acid  sMfts 

from  the  beta  to  the  alpha  form, 
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The  alpha-phosphoglyceric  acid  loses  a  molecule  of  water, 

forming  the  phosphate  of  pyruvic  acid. 
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Phosphopyruvic  acid  Is  then  hydrolyzed  to  form  pyruvic  acid 
and  phosphoric  acid  Is  released. 
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Pyruvic  acid  reacts  with  phosphoglyceric  aldehyde  to  form 

lactic  acid  and  beta-phosphoglyceric  acid* 
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In  the  muscles  pyruvic  acid  is  reduced  and  lactic  acid  is 

formed. 
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In  this  reaction  an  enzyme  containing  riboflavin  acts  as  the 
hydrogen  carrier,  lest  of  the  lactic  acid  is  changed  into 
muscle  glycogen,  but  that  which  goes  into  the  blood  is  carried 
to  the  liver,  where  the  lactic  acid  is  converted  into  liver 
glycogen.  Sons  is  excreted  in  the  urine.  About  20  per  cent 
of  the  lactic  acid  is  oxidized  to  carbon  dioxide,  and  water. 
As  a  result  of  this  reaction  energy  is  released. 

The  stops  in  the  oxidation  of  lactic  acid  are  illustrat- 
ed below.  Two  hydrogen  atoms  are  removed  from  lactic  acid 
to  form  pyruvic  acid. 
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For  the  oxidation  of  pyruvic  acid  tire  enzyme  cocarboxylase 
must  be  present.  It  is  now  known  that  cocarboxylase  is  form- 
ed by  the  union  of  one  molecule  of  thiamine  and  two  molecules 
of  phosphoric  acid.  This  compound  is  called  thiamine-di- 
phosphate. The  oxidation  of  pyruvic  acid  is  shown  in  the 


following  equation. 
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Pyruvic  acid  is  a  natural  product  of  carbohydrate  metabolism, 
but  when  there  is  a  thiamine  deficiency  in  the  diet  tils 
enzyme  is  not  produced  and  pyruvic  acid  accumulates  in  the 
blood  and  around  the  nerve  tissues.  When  this  acid  occurs  in 
large  amount  it  injures  the  nervous  system.  Since  the  nerves 
control  the  motility  of  the  stomach,  the  boating  of  the  heart, 
and  the  contraction  of  the  muscles,  a  lack  of  thiamine  leads 
to  poor  appetite  and  constipation.  This  causes  fatigue, 
nervous  irritability,  poor  appetite,  and  lack  of  energy. 

Prom  the  proceeding  discussion  it  is  evident  that  the 
B-complex  vitamins  play  an  important  role  in  the  utilization 
of  carbohydrates.  Therefore,  it  was  deemed  advisable  to  study 
the  nutritive  value  of  whole  wheat,  enriched,  and  non-enriched 
flour  in  adequate  and  inadequate  diets  as  sources  of  the 
B-conplex  vitamins. 

REVIEW  OP  LITERATURE 

Since  milled  cereals  make  up  such  a  large  percentage  of 
the  total  caloric  intake  of  the  people,  scientists  have  become 


more  aware  of  tie  need  for  enriching  these  products  with  the 
vitamins  and  minerals  removed  in  the  milling  process.  In  a 
report  of  the  Council  on  Poods  and  Nutrition  (1941)  it  was 
stated  that  wheat  in  its  various  forms  contributes  25  per  cent 
or  more  of  the  average  caloric  intake  of  the  people  in  the 
United  States.  Patent  flour  represents  from  60  to  70  per  cent 
of  the  wheat  berry  and  contains  only  10  per  cent  or  less  of 
the  original  thiamine.  The  average  American  diet  of  today 
provides  about  the  same  number  of  calories  in  the  form  of  sugar 
and  white  flour  as  were  provided  in  the  form  of  less  refined 
flour  in  the  average  diet  of  the  past.  The  less  refined  flour 
was  a  good  source  of  thiamine  and  contained  important  amounts 
of  other  vitamins  as  well  as  minerals.  Despite  the  greater 
consumption  of  fresh  fruits  and  vegetables  and  other  so-called 
protective  foods,  it  ha3  not  been  pos3iblo  to  make  up  the  loss 
of  thiamine  wliich  results  from  the  substitution  of  sugar  and 
white  flour  for  the  old  time  stone-ground  flour. 

Although  whole  grain  cereals  are  nutritionally  preferred 
foods,  the  National  nutrition  Council  for  Defense  (1941)  re- 
cognized that  the  present  day  peoples1  preference  for  white 
flour  cannot  be  altogether  ignored.  This  preference  is  based 
in  part  on  the  relatively  better  keeping  qualities  of  white 
flour  as  coripared  with  whole  wheat  flour  and  in  part  to  the 
fact  that  trie  baking  qualities  of  the  best  grades  of  white 
flour  have  been  developed  by  manufacturers  of  these  products. 
Because  these  products  provide  dietary  essentials  for  a  large 
portion  of  the  population,  the  Council  believed  that  it  was 
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In  the  interest  of  public  health  and  welfare  to  encourage 
the  wider  distribution  of  enriched  products  along  with  the 
greater  use  of  whole  wheat  products. 

Taylor  (1941),  in  discussing  the  enrichment  of  coroals 
which  had  lost  some  of  their  nutrients  by  processing,  gave 
six  suggestions  for  increasing  the  nutritive  value  of  flour. 
1.  The  revival  of  the  old-fashioned  grahau  flour,  despite  its 
instability,  dark  color,  bitter  taste,  and  inadaptability  to 
many  commercial  and  household  uses.  2.  The  development  of  a 
new-fashioned  graham  flour,  lighter  in  color  with  less  bitter- 
ness and  roughage,  and  with  better  keeping  qualities.  3.  The 
development  of  a  high-extration  flour.  4.  The  addition  of 
synthetic  vitamins  to  patent  flour.  5.  Restoration  by  supple- 
mentation with  natural  vitamins,  which  may  be  accomplished  by 
the  addition  of  dry  milk  3olid3  to  bread,  or  by  the  use  of 
high  vitamin  yeast.  C.  The  retention  of  vitamins  in  other 
food3  by  more  careful  handling  and  cooking,  or  by  the  inclusion 
of  more  of  the  protective  food3  in  the  diet. 

There  are  those,  of  course,  who  do  not  believe  in  the 
enrichment  of  cereals.  Luck  (1941)  looked  at  both  sides  of 
the  question  and  gave  several  arguments  in  favor  of  and  against 
fortification.  Ills  arguments  in  favor  of  fortification  were 
essentially  these:   1.  Any  given  food  stuff,  such  as  milk, 
varies  greatly  from  season  to  season  in  vitamin  content.  2. 
The  incidence  of  malnutrition,  especially  of  subclinical 
vitamin  deficiency,  is  high,  usually  those  people  in  the  low 
income  groups  are  the  greatest  suffers  but  in  many  cases  even 
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the  well-to-do  are  afflicted  because  of  bad  dietary  habits. 
3.  The  use  of  highly  processed  refined  foodstuffs,  like  white 
flour,  sucrose,  and  margarine  deprive  us  of  valuable  food 
factors  present  in  crude  or  raw  products.  His  arguments  advanc- 
ed against  the  fortification  of  foodstuffs  were:  1.  Fortifi- 
cation with  pure  vitamins  is  necessarily  expensive.  2.  The 
removal  of  vitamins  during  the  processing  of  foods  and  their 
subsequent  restoration  to  the  aa-ne  or  even  to  other  foodstuffs 
is  a  practice  repugnant  to  one's  feeling  for  the  fitness  of 
tilings;  it  does  not  make  good  sense,  o.     Also,  enrichment  with 
pure  vitamins  fails  to  give  recognition  to  the  fact  that  there 
are  almost  certainly  additional  accessory  food  factors  as  yet 
undiscovered. 

Staple  foods,  such  as  cereals,  of  low  thiamine  content 
may  nevertheless  contribute  a  major  fraction  of  the  total 
supply  of  thiamine  to  the  diet  according  to  Lane,  Johnson,  and 
Williams  (1942).  These  authors  also  indicate  that  cci-eals 
supply  about  one-fourth  the  total  supply  of  thiamine  to  the 
diet.  If  white  bread  were  replaced  by  whole  wheat  bread  or 
enriched  white  bread  containing  the  recommended  miniaum  of 
1.1  mg  thiamine  per  pound,  then  the  thiamine  in  the  cereals 
in  a  2,500  calorie  diet,  would  be  increased  from  C.7S  to  about 
1.28  mg  and  the  cereal  contribution  of  thiamine  would  be  over 
50  per  cent  of  the  total.  Cheldelin  and  Williams  (1943)  made 
a  study  of  the  American  diet  in  relation  to  its  riboflavin, 
nicotinic  acid,  and  pantothenic  acid  content.  They  found  that 
If  white  bread  in  the  diet  were  enriched  to  0.7  mg  per  pound, 
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of  riboflavin,  the  total  supply  of  riboflavin  in  the  diet 
would  be  1.61  ng  per  2,500  calories.  Since  pantothenic  acid 
is  quite  evenly  distributed  among  the  various  classes  of  foods 
comprising  tlie  average  American  diet,  and  since  the  loss  of 
pantothenic  acid  in  flour  does  not  appear  to  be  due  in  lar.^e 
measure  to  Milling  losses,  restoration  by  enrichment  of  bread 
with  pantothenic  acid  would  therefore  result  in  only  a  s? 
increase  in  the  daily  supply. 

Winters  and  Leslie  (1945),  in  a  study  of  308  separate 
diets  collected  from  24  women  of  low-income  groups,  found, 
when  compared  to  the  allowances  for  the  sedentary  women  recom- 
mended by  the  Committee  on  Pood  and  nutrition  of  the  National 
Research  Council,  that  the  caloric  Intake  was  from  one-lialf 
to  three-fourths  the  allowance,  t)ie  average  intake  of  thiamine, 
niacin,  and  riboflavin  slightly  more  than  one-t bird,  and 
protein,  calcium,  and  phosphorus  approximately  one-half  the 
amounts  recommended  as  adequate.  The  pantotuentic  acid  intake 
was  about  one-fourth  the  amount  suggested  as  adequate.  Season- 
al variations  and  differences  were  found  to  be  slight. 

Pree  (1940)  found  that  when  white  bread  baked  with  high 
vitamin  3^  yea3t  was  ingested  by  17  young  college  women  in 
place  of  bread  ordinarily  included  in  the  diet  over  a  five 
week  period  an  improved  state  of  thiamine  nutrition  was  in- 
dicated. This  inprovonent  was  shown  by  tho  fact  that  the 
urinary  thiamine  excretion  before  the  period  of  eating  the 
special  broad  averaged  106  ug  per  24  hours,  whoroas  at  the  end 
of  the  five  week  period  the  excretion  of  thi amino  averaged 
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206  ug  per  24  hours.  It  is  indicated  by  Prey,  Schultz,  and 
Atkins  (1940)  that  the  use  of  high-vitamin  yeast  will  produce 
a  white  loaf  of  bread  having  approximately  the  thianine  content 
of  a  whole  wheat  loaf.  Ho  change  in  flavor  or  palatabllity 
of  the  bread  is  produced  in  its  use.  Schultz,  Atkins,  and 
Prey  (1939)  also  suggested  that  when  a  high  vitamin  yeast  has 
been  employed  a  white  bread  may  contain  as  much  thiamine  as 
whole  wheat  bread. 

Pairbanks  (1958)  found  that  the  addition  of  milk  solids 
to  a  water  bread  formula  increased  the  nutritive  value  of  the 
bread  when  fed  to  rats.  Pairbanks  (1939)  indicated  that  there 
was  evidence  that  tlie  nutritive  value  of  bread  containing  12 
per  cent  milk  solids  is  of  a  higher  order  than  bread  contain- 
ing six  per  cent  milk  solids,  nats  receiving  breads  contain- 
ing milk  solids  showed  significantly  better  growth  than  those 
on  bread  made  without  milk  solids.  Ilitchell,  Hamilton,  and 
Schields  (1945)  stated  that  the  incorporation  of  non-fat  milk 
solids  in  white  bread  at  six  per  cent  of  the  flour  improved 
the  growth  promoting  and  bone-forming  values  of  bread  much 
more  than  onrichment  with  thiamine,  nicotinic  acid,  and  iron. 
Light  and  Prey  (1943)  found  that  for  the  growth  of  young  rats, 
white  bread  made  with  six  per  cent  dry  skim  milk,  permitted 
good  growth  and  apparent  good  health.  They  concluded  that  it 
was  equal  to  whole  wheat  for  promotion  of  growt  . 

Murlin,  Liarshall,  and  Kochakian  (1941)  stated  tliat  whole 
wheat  bread  gave  lower  true  digestibility  values  for  protein 
than  wliite  bread  but  that  it  produced  higher  biological  values 
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than  did  wliite  bread.  They  also  suggested  that  making  bread 
with  high  vitamin  yeast  is  of  some  importance  from  the  stand- 
point of  biological  value  of  protein;  also  tiiat  eating  extra 
B-couplex  vitamins  Improved  biological  values.   Sealock, 
Basiaski,  and  LIurlin  (1941)  stated  tiiat  the  higher  "indigestable 
rosidue"  that  the  whole  wiieat  produced  does  not  interfore  with 
the  digestion  and  absorption  of  the  carbohydrate  and  fat* 
iiacrao,  Hutchinson*  Irwin,  Bacon,  and  UcDougall  (1942)  found 
better  digestibility  of  white  bread  and  stated  that  the  fine- 

jf  grinding  of  whole  laeal  made  no  significant  difference 
in  the  digestibility.  The  larger  loss  from  wheat  laeal  is 
accounted  for  by  the  undigested  woody  fibre  in  the  bran. 

Chick  (1940)  found  that  the  nutritive  value  of  straight 
run  wliite  flour,  75  per  cent  extration,  was  inferior  for  the 
growth  of  young  rats  to  that  of  whole  meal  flour,  even  when 
the  defects  of  the  former  in  protein.  Minerals,  and  vitamin  B* 
had  been  corrected.  It  was  concluded  that  the  inferiority 
Must  be  attributed  to  the  lack  of  the  Bg  vitamins.  Soalock 
and  Livermore  (1943)  found  the  values  of  fresh  bread  made  of 
peeled  wheat  to  be  for  thiamine,  riboflavin,  niacin,  panto- 
thenic acid,  and  inositol  3.0,  2.5,  35,  5.2,  and  644  ug  per 
pound,  respectively.  The  advantages  of  using  high  vitamin 
yeast  in  baking  the  bread  were  evident  in  values  of  thiamine 
4.6  ug  and  niacin  44  ug  as  in  contrast  to  bread  made  with 
regular  yeast. 

liams,  :!ason,  and  ..ilder  (1943)  stated  tiiat  restorative 
enrichment  of  white  flour  with  thiamine  to  whole  wheat  levels 
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helps  greatly  whereas  comparable  enriciuaent  with  riboflavin 
to  whole  wheat  levels  will  not  correct  the  deficiency  of  the 
average  diet  in  riboflavin.  lUggins,  Williams,  Liason,  and 
Gatz  (1943)  found  that  patent  white  flour  supplemented  with 
thiaroine,  riboflavin,  and  niacin  while  improving  the  growth 
rate  of  the  rats  were  not  adequate  to  secure  weights  attained 
by  the  animals  eating  the  diet  tiiat  contained  whole  wheat  flour. 
Higgins,  Williams,  and  „iason  (1943)  stated  that  the  addition 
of  thiamine  to  the  flour  to  the  extent  which  doubled  the  thia- 
mine for  each  gram  of  food  consumed  did  not  induce  any  signi- 
ficant change  In  the  growth  curve  of  the  rats.  The  addition 
of  thiamine  and  riboflavin  to  the  flour  of  the  basal  diet 
did  increase  the  growth  significantly.  Such  additions  of 
thiamine  and  riboflavin  to  the  basal  diet  induced  weight  In- 
creases which  were  statistically  equal  to  those  attained  by 
rats  eating  the  diet  in  which  the  broad  was  made  of  whole  wheat 
flour. 

Guerrant  and  Fardig  (1947)  found  tiiat  flour  enriched  in 
accordance  with  the  present  formula  is  definitely  superior  to 
non-enriched  flour  with  respect  to  thiamine  and  riboflavin  and 
is  somewhat  superior  to  whole  wheat  with  respect  to  these 
vitamins.  While  the  amount  of  thiamine  contributed  by  ground 
whole  wheat  and  by  enriched  flour,  when  the  flours  composed 
30  per  cent  of  the  diet,  was  only  sli3htly  less  than  that 
required  for  optimal  growth  in  young  rats,  the  amount  of  ribo- 
flavin contributed  is  definitely  insuf f icienl .      vor,  the 
enriched  flour  was  found  to  contain  more  riboflavin  than  the 
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original  wheat.   Vesterman  and  Bayfield  (1S45)  found  that 
whole  wheat  wa3  a  better  source  of  the  B-coiiplex  vitamins 
than  either  i.lorris  type  flour  or  patent  flour  enriched  at 
the  old  levels  which  contained  thiamine,  niacin,  and  ire  , 
when  these  materials  made  up  30  to  50  por  cent  of  the  diet. 
At  a  30  per  cent  level  the  whole  wheat  wa3  slightly  botter 
than  patent  flour,  which  had  been  enriched  at  tie  new  levels 
to  contain  thiamine,  riboflavin,  niacin,  and  iron.  Whole 
wheat  and  enriched  flour  promoted  the  same  amount  of  growth 
when  fed  at  a  40  per  cent  level,  wiiile  at  a  50  per  cent  level 
the  new  enriched  flour  was  botter  as  a  source  of  the  B-complex 
vitamins  tJian  whole  wheat. 

There  are  some  indications  that  other  members  of  the  B- 
complex  vitamins  should  be  added  to  flour.  Teply,  Strong,  and 
Elvehjem  (1942)  found  that  patent  flour  contained  only  one- 
sixth  the  amount  of  niacin  and  one-  ialf  the  amount  of  panto- 
thenic acid  and  pyridoxins  as  whole  wheat.  "<Vesterman  and  Ilall 
(1947)  found  that  the  addition  of  1  ug  of  riboflavin  and  1  ug 
thiamine  to  enriched  flour  stimulated  even  greater  growth  of 
the  rats  than  enriched  flour  only.  The  addition  of  10.3  ug 
calcium  pantothenate  and  3.5  ug  pyridoxine  per  gram  of  enrich- 
ed flour  was  beneficial,  but  a  still  greater  growth  resulted 
when  20.5  ug  calcium  pantotlienate  and  7  ug  pyridoxine  per  gram 
were  added  to  the  enriched  flour. 

Very  little  work  has  been  found  in  the  literature  in  which 
natural  foods  have  been  used  in  the  diet  as  sources  of  the  B- 
complex  vitamins.   In  the  experiments  reported  here  an  attempt 
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has  been  made  to  study  the  effect  of  the  use  of  whole  wheat, 
enriched,  and  non-enriched  flour  in  diets  which  might  be  con- 
sumed by  human  beings.  Diets  of  people  with  low  incomes  were 
of  particular  interest.  Cereals  are  the  cheapest  source  of 
energy  and  are  consumed  in  large  quantities  by  those  people 
with  low  incomes. 

EXPERIMENTAL  PROCEDURE 

A  search  of  the  literature  provided  only  a  small  amount 
of  information  concerning  the  diets  of  low  income  groups. 
While  Stiebling,  Konroe,  Coons,  Phipard,  and  Clark  (1941)  have 
made  studies  of  the  diets  of  people  in  different  sections  of 
the  United  States,  practically  all  their  information  showed 
that  the  diets  were  fairly  adequate.  Studies  by  lioser  (1945) 
of  the  food  consumed  by  the  people  of  Pickins  County,  South 
Carolina  showed  a  high  consumption  of  cereals.  These  studies 
were  used  as  a  basis  for  the  experiments  reported  here.  The 
amount  of  food  consumed  was  divided  into  two  groups,  the  less 
adequate  amount  was  reported  as  low  values,  while  the  more 
nearly  adequate  amount  was  reported  as  high  values,  as  shown 
by  the  data  summarized  in  Table  1.  The  loss  adequate  values 
were  chosen  for  this  study  because  the  larger  per  cent  of 
cereals  in  the  diet  would  show  the  relative  effect  of  the 
growth  promoting  properties  of  the  B-coraplex  vitamins  contain- 
ed in  whole  wheat,  enriched,  and  non-enriched  flour.  Moser 
gave  the  amount  of  food  consumed  in  pounds  and  gallons  for  a 
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year,  for  experimental  use  these  amounts  were  changed  to 
graias  per  day  as  shown  in  Table  1* 

In  order  to  facilitate  the  preparation  of  tlie  food  under 
laboratory  conditions,  it  was  necessary  to  make  some  :.iodifi- 
cations  in  the  diet*  Carrots  and  green  vegetables  were  used 
to  represent  the  two  groups  of  vegetables;  i.e.,  leafy,  green, 
yellow  vegetables  and  other  vegetables.   In  making  the  diets 
green  beans,  3pinach,  cabbage,  and  broccoli  were  used  alter- 
nately, therefore  an  average  of  the  nutritive  values  of  these 
vegetables  was  used  to  calculate  the  nutritive  value  of  the 
green  vegetable.   In  order  to  get  a  fair  representation  of 
neat  used  in  an  average  diet,  one-half  beef  and  one-half  pork 
were  used  in  making  the  diet.  It  was  desirable,  because  of 
the  smaller  volume,  to  use  dry  milk,  the  amount  of  liquid 
milk  was  calculated  on  a  dry  basis.  Liquid  milk  contains  12.4 
per  cent  solids.  Since  one  cup  of  milk  weighs  240  gm,  30  gm 
of  dry  milk  would  be  equivalent  to  one  cup  of  liquid  milk. 
Navy  beans  were  used  for  legumes  while  apples  were  used  to 
represent  tomatoes,  citrus  fruit,  and  other  fruit.  Y.'hole  wheat, 
enriched,  and  non-enriched  flour,  and  cornstarch  were  used  to 
represent  all  cereals  and  grain  products  consumed.  The  food 
for  the  diets  was  cooked,  finely  divided  in  the  Waring  blendor 
and  mixed  to  a  homogeneous  mass  so  tliat  the  rats  could  not 
pick  out  various  foods  and  eat  t  lose  alone.  The  diets  were 
prepared  once  a  week  and  kept  frozen  until  used. 

Young  albino  rats  weighing  45  to  60  gm  were  used  for  the 
tests.  They  were  distributed  in  groups  according  to  weight. 
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sox,  and  litter  mates.  Each  animal  was  housed  In  an  Individual 
wire  cage  with  a  raised  wire  scroen  to  prevent  consumption  of 
the  feces.  The  animals  were  given  food  and  water  ad  libitum 
and  were  weighed  once  a  week.  The  average  weights  are  shown 
in  the  weight  charts.  Tables  13,  14,  and  15,  while  the  aver.- 
growth  curves  are  shown  in  Fig,  1  and  2, 

Seven  to  12  days  before  starting  the  experiment,  the  young 
rats  were  fed  a  vitamin  3-coraplex  free  diet  to  partially  doplete 
them  of  their  stores  of  these  vitarains.  The  vitamin  B  free 
diet  contained  the  following  ingredients  by  weight: 

Per  cent 

Vitamin  free  casein        20 

Cornstarch  50 

.  at  12 

Salt  mixture  5 

Cod-liver  oil  3 

The  vitamin  free  casein  furnished  a  sufficient  amount  of 
complete  protein  for  growth  and  the  cornstarch,  a  pure  carbo- 
hydrate, supplied  food  for  energy.  The  fat  supplied  the 
"ossential"  fatty  acids  and  additional  energy  food  while  the 
salt  mixture  supplied  the  minerals  necessary  for  growth.  Vita- 
mins A  and  D  were  supplied  in  sufficient  quantity  by  the  cod- 
liver  oil.  Since  the  rat  does  not  need  vitamins  C  and  K  for 
growth,  the  only  nutrients  known  to  be  essential  for  growth 
which  were  lacking  were  the  B-coraplox  vitamins, 

A  total  of  53  rats  was  used  in  these  experiments.  Three 
different  experiments  were  conducted  using  approximately  62, 


40*  and  33  per  cent  of  the  total  calories  as  cereals  In  the 
diets  of  experiments  I,  XI,  and  XII,  respectively.  Tables  3 
through  12  show  the  composition  of  the  various  diets  used. 
Table  2,  which  gives  the  nutritive  value  of  100  gm  portions 
of  selected  foods,  was  used  to  calculate  the  amount  of  the 
various  nutrients  in  the  different  diets.  Values  for  Table  2 
were  obtained  from  Cheuistry  of  Food  and  nutrition,  She;.- 
(1946)  and  Handbook  of  Diet  Therapy,  Turner  (1946),  The  data 
from  these  two  sources  were  averaged  in  order  to  obtain 
composite  values  upon  which  to  base  the  calculations  of  the 
nutritive  value  of  the  diets. 

In  experiment  I,  24  rats  were  divided  into  four  groups  of 
six  animals  each.  Diet  1  contained  enough  finely  ground  whole 
wheat  to  contribute  62  per  cent  of  the  total  calories  of  the 
diet.  Diet  2  contained  the  same  amount  of  enriched  flour  while 
diet  3  included  non-enriched  flour  at  the  same  level.  Diet  4 
contained  the  same  amount  of  cornstarch  by  weight  but  it 
provided  65  per  cent  of  the  total  calories  of  the  diet.  A 
large  per  cent  of  cereals  was  used  in  this  experiment  because 
it  would  show  more  readily  than  a  smaller  amount  whether  or 
not  enriched  flour  was  superior  to  non-enriched  flour  for  the 
growth  of  young  rats.  Cornstarch  was  used  as  the  cereal  in 
one  diet  because  it  is  a  purified  carbohydrate  and  contains 
none  of  the  B-complex  vitamins  which  are  necessary  for  carbo- 
hydrate metabolism.  It  was  thereforo  possible  to  determine 
whether  or  not  the  foods  In  the  diet,  other  than  the  cereals, 
furnished  sufficient  quantities  of  the  B-couplex  vitamins  for 
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growth  and  reproduction. 

Stiebling,  Monroe,  Coons,  Phipard,  and  Clark  (1941)  show- 
ed that  families  living  in  tie  Southeast  obtain  33  per  cent 
of  their  calories  from  grain  products  and  Cumulngs  (1940)  found 
that  the  working  man  received  59  per  cent  of  his  calories  from 
bread  and  cereals.  On  this  basis  experiment  II  was  set  up. 
Forty  per  cent  of  the  total  calories  were  contributed  by 
cereals.  In  this  experiment  11  rats  were  divided  into  th^ree 
groups  of  four,  four,  and  three  animals.  Diet  1,  diet  2,  and 
diet  3  included  enriched  flour,  non-enriched  flour,  and  corn- 
starch, respectively.  Vitamin  free  casein  was  added  to  the 
cornstarch  diet  to  bring  the  protein  content  up  to  the  same 
level  as  in  the  other  diet3  of  the  experiment.  This  was  done 
in  order  that  the  protein  content  of  the  diet  would  not  be  a 
limiting  factor  in  the  growth  of  the  rats.  The  sugar  was  in- 
creased because  sugar  13  a  pure  carbohydrate  and  requires  the 
presence  of  the  B-conplex  vitamins  to  be  utilized  by  the  body. 
Sinco  the  metabolism  of  fatty  acids  does  not  require  B-complex 
vitamins,  fat  has  a  sparing  action  on  these  vitamins.  With 
this  in  view  t io  fat  in  the  diets  of  the  second  experiment  was 
decreased  frora  59  gci  to  50  gm  per  day.  Tlie  South  Carolina 
study  was  based  upon  the  food  consumption  of  farm  families. 
It  is  doubtful  if  the  milk  consumption  of  low  income  urban 
families  would  be  as  large  as  the  rural  families,  therefore 
the  amount  of  milk  was  decreased  to  the  equivalent  of  one 
pint  a  day.  The  amount  of  potatoes  was  increased  since  po- 
tatoes are  a  c  leap  energy  food  and  are  used  In  large  quantities 


21 


by  low  income  families*  The  amounts  of  fruits  and  vegetables 
were  loft  very  nearly  tho  sane.  With  these  modifications  the 
experiment  was  conducted  in  the  same  manner  as  experiment  I. 
In  the  previous  experiments  the  amoxxnt  of  calories  fron 
cereals  was  relatively  high,  tiierefore  it  was  decided  to 
attempt  a  third  experiment  using  cereals  at  the  level  consumed 
by  the  average  American.  iVesterman  and  Bayfield  (1945)  stated 
that  the  average  American  derived  30  per  cent  at   his  calories 
from  cereals  and  cereal  products.  Eighteen  rats  were  divided 
into  three  groups  of  six  animals  each  for  the  third  experiment. 
Diet  1  contained  sufficient  quantity  of  enriched  flour  to 
furnish  33  per  cent  of  the  total  calories  of  the  diet.  Diet 

2  contained  the  saue  amount  of  non-enriched  flour,  while  diet 

3  included  cornstarch  at  the  same  level.  A  few  changes  wore 
made  in  the  quantities  of  foods  included  in  the  diet.  The 
amount  of  navy  beans  was  decreased  from  45  gm  to  28  gm  a  day 
for  it  seemed  doubtful  that  45  gm  of  dry  beans  would  be  eaten 
by  an  individual  every  day.  The  amount  of  sugar  was  increased 
from  36  to  100  gm  to  raise  the  total  calories  to  a  more  nearly 
normal  amount,  also  sugar  is  a  pure  carbohydrate  and  requires 
the  presence  of  the  B-complex  vitamins  to  be  utilized  by  the 
body.  The  potatoes  were  increased  to  two  average  servings  a 
day  because  they  are  a  low  cost  energy  food.  Vitainin  free 
casein  was  added  to  the  cornstarch  diet  to  bring  the  protein 
content  to  t;.e  level  of  the  enriched  flour  and  tuQ  non-enriched 
flour  diets.  This  experiment,  with  these  modifications,  was 
conducted  in  the  same  manner  as  experiments  I  and  XI. 
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RESULTS  AHD  DISCUSSION 


?irst  Experiment:  riour  Parol  shed  02   Per  Cent 
of  the  Total  Calories 


The  average  weight  gains  of  the  rats  on  experiment  I  are 
shown  in  Table  13  and  by  growth  curves  in  Pig.  1.  Those 
animals  with  cornstarch  in  the  diet  had  made  the  least  average 
weight  gain  at  the  end  of  nine  weeks.  They  had  gained  73  gm 
which  was  65  gm  less  than  the  rats  on  non-enriched  flour  which 
had  gained  138  gm.  The  rats  on  diet  2,  containing  enriched 
flour,  made  an  average  gain  of  155  gm  or  17  gm  more  than  the 
rats  on  the  non-enriched  flour  diet.  The  rats  eating  the 
diet  with  finely  ground  whole  wheat  made  the  largest  average 
gain  by  the  end  of  the  nine  week  period,  they  gained  161  gm 
or  6  gm  more  than  the  rats  on  the  enriched  flour  diet.  These 
growth  differences  are  shown  in  the  photographs  in  Plate  I. 
These  show  typical  rats  on  the  various  diets. 

The  differences  in  the  average  growth  curves  of  the  rats 
on  the  various  diets  are  in  all  probability  due  to  the  differ- 
ences in  the  nutritive  value  of  the  diets.  These  differences 
can  be  attributed  to  the  difference  in  the  nutritive  value  of 
ground  whole  wheat,  enriched  flour,  non-enriched  flour,  and 
cornstarch,  since  all  other  constituents  of  the  diet  are 
identical.  It  may  be  noted  from  Tables  3,  4,  5,  and  6  that 
the  protein  content  of  the  diets  varied  from  44.9  gm  in  the 
cornstarch  diet  to  126.7  gra  in  the  whole  wheat  diet.  The  diet 
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containing  enriched  and  non-enriched  flour  had  117.3  gin  of 
protein  eac_.      .  ,        allowance  for  the  average  adult 
is  65  gm  protein.  The  calcium  varied  from  0.933  gm  in  the 
cornstarch  diet  to  1.257  gm  in  the  whole  wheat  diet,  while  the 
enriched  and  non-enriched  flour  diet3  each  contained  1.108  gm. 
Since  0.3  gm  is  the  recommended  amount  of  calcium  for  an  average 
adult,  the  calcium  should  not  have  been  a  limiting  factor  in 
the  growth  and  reproduction  of  the  rats. 

The  amount  of  iron  contained  in  the  diet3  varied  from  10 
mg  in  the  cornstarch  diet  to  35.64  mg  in  the  whole  wheat  diet. 
The  diet  with  non-enriched  flour  had  14.73  mg  while  the  diet 
containing  enriched  flour  had  29.58  mg  of  iron.  The  recommend- 
ed allowance  of  iron  for  an  average  adult  is  12  mg.  The  diet 
with  cornstarch  is  the  only  diet  of  waic'i  the  iron  content  was 
low  enough  so  that  it  might  be  a  limiting  factor  in  the  diet. 

The  thiamine  content  of  the  diets  varied  from  1.11  mg 
in  the  cornstarch  diet  to  4.89  mg  in  the  diet  containing  ground 
whole  wheat.  The  enriched  flour  diet  furnished  4.13  ng  of 
thiamine  while  the  non-onric  led  flour  diet  contributed  1.63  mg 
of  thiamine.  The  cornstarch  diet  is  tiie  only  diet  in  which 
the  thiamine  content  is  below  the  recommended  dietary  allow- 
ances of  the  Pood  and  nutrition  Board,  iiational  Research 
Council,  for  a  moderately  active  adult,  which  is  1.4  nig  per 
day.  The  riboflavin  content  of  the  diets  varied  from  1.67 
mg  in  the  cornstarch  diet  to  0.46  mg  in  the  enriched  flour 
diet.  The  whole  wheat  diet  contained  2.47  mg  of  riboflavin 
while  the  non-enriched  flour  diet  contained  1.69  mg.  The  ribo- 


flavin  in  both  the  cornstarch  and  the  non-enriched  diets  was 
slightly  below  the  recoiomended  allowance  of  1.8  mg  per  day. 

The  amount  of  niacin  in  t  he  diet  varied  from  5.2  ag  in 
the  cornstarch  diet  to  42.8  mg  in  the  whole  wheat  diet.  The 
diet  including  enriched  flour  contained  28.8  rag  while  the  diet 
with  non-enriched  flour  contained  5.7  mg  of  niacin.  Trie  recoia- 
mended  daily  allowance  for  niacin  is  14  mg  for  the  average 
adult.  It  ia  doubtful  that  the  amount  of  niacin  in  the  diet 
was  a  Halting  factor  in  the  growth  of  the  rats  since  rats  do 
not  seem  to  be  sensitive  to  an  inadequate  supply  of  niacin  In 
the  diet. 

Although  the  diet  with  the  enriched  flour  included  the 
recommended  amount  or  more  of  all  the  nutrients,  the  rats  on 
this  diet  did  not  grow  as  rapidly  as  the  rata  on  the  whole 
wheat  diet  which  had  a  larger  supply  of  tnese  nutrients.  The 
non-enriched  flour  diet  was  deficient  in  niacin  but  it  had 
the  recommended  allowances  of  thiamine  and  riboflavin.  There 
was  considerable  difference  in  some  of  the  nutrients  in  the 
diets.  The  whole  v;heat  furnished  12G.7  gm  protein  while  the 
enriched  and  non-enriched  flour  diets  had  117.3  gm.  The  whole 
wheat  diet  had  35.46  ng  iron  as  compared  to  29.58  rag  in  the 
enriched  flour  diet.  These  differences  may  account  for  the 
slight  increase  in  the  average  weight  gain,  6  gm,  made  by  the 
rats  on  the  whole  wheat  diet  ove^  those  on  the  enriched  flour 
diet. 

The  differences  in  the  average  weight  gains,  17  gm,  made 
by  the  animals  on  the  enricaed  flour  diet  over  the  gains  made 
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by  the  animals  on  the  non-enriched  flour  diet  may  in  part  be 
attributed  to  differences  in  the  vitamin  and  iron  content  of 
the  diet.  The  enriched  flour  diet  contained  2.5  times  as 
much  thianino,  1.4  ti       iach  riboflavin,  and  2.0  times  as 

iron  as  the  non-enriched  flour  diet.  Those  findings  agree 
with  the  results  obtainod  tr.        an  and  Hall  (1947)  that 
enriched  flour,  when  supplemented  with  additional  thiamine  and 
riboflavin,  stimulated  better  growth  than  enriched  flour  alone. 
These  findings  were  confirmed  b;  the  results  obtained  by 
Guorrant  and  Pardig  (1947)  who  stated  that  the  amount  of 
thiamine,  when  enriched  flour  or  ground  whole  wheat  composed 
30  per  cent  of  the  diet,  is  only  slightly  less  than  that  requir- 
ed for  optimal  growth  in  young  rats,  while  the  amount  of  ribo- 
flavin contributed  is  definitely  insufficient. 

At  the  end  of  nine  weeks  the  males  and  females  on  the 
same  diets  were  placed  together  for  breeding  purposes.  Only 
the  animals  on  the  ground  whole  wheat  diet  produced  normal 
litters.  Each  female  on  tliis  diet  had  an  average  of  six  normal 
young  that  grew  to  maturity.  The  rats  on  the  enriched  and 
non-enriched  diets  produced  no  live  young.  The  rats  on 
cornstarch  diet  showed  no  weight  increase  which  always  proceeds 
reproduction. 

To  make  certain  that  the  lack  of  vitamin  E  was  not  the 
limiting  factor  in  reproduction,  vitamin  E  was  added  to  the 
diets  at  the  end  of  14  weeks.  C-oettsch  and  Pappenheimer  (1941) 
found  that  2.5  mg  vitamin  E  added  to  a  vitamin  E  low  diet  fed 
to  female  rate  made  normal  reproduction  possible.  Three  mg  of 


vitamin  3  a  day  was  added  to  the  diets.  The  animals  on  diets 
containing  enriched  and  non-enriched  flour  produced  no  live 
litters.  The  rats  on  the  cor  ./ed  no  3lgns  or 

reproduction  and  at  the  end  of  13  weeks  they  v.-ero  discarded. 
It  was  concluded  that  vitamin  S  was  not  the  ll;;iiting  factor 
in  reproduction  but  it  was  possibly  the  lack  of  solio  of  the 
3-conplex  vitamins. 

When  the  young  on  the  ground  whole  wheat  diet  were  28  days 
old  their  average  weight  was  36  gn.  One  male  and  one  female 
were  selected  from  each  litter  and  were  fed  the  test  diet  to 
determine  if  the  growth  of  the  second  generation  of  rats  would 
equal  that  of  the  first  generation.  Growth  curves  VMM  made 
as  shown  in  Pig.  1.  The  second  generation  seeoed  normal  in 
every  way  except  that  they  were  smaller  in  size  than  the  first 
generation  as  shown  in  Table  13  and  Pig.  1.  At  nine  weelcs 

lr  average  weight  gain  was  104  gm  or  57  gn  less  than  the 
first  generation  tliat  had  gainod  161  gm  by  the  same  age.  Nine 
weeks  after  weaning,  the  second  generation  of  rats  on  the 
ground  whole  wheat  diet  were  placed  together  for  breeding 
purposes,  liorml  litters  were  produced.  The  females  averaged 
10  normal  young  and  only  one  died.  This  group  of  animals  was 
kept  only  until  the  young  were  28  days  old.  At  21  days  of  age 
the  third  generation  had  an  average  weight  of  30  gm,  wliile  at 
28  days  they  averaged  38  gm  which  compares  favorably  with  the 
weight  of  the  young  of  the  socond  generation. 

The  reproduction  of  the  second  mating  of  the  rats  on  the 
whole  wheat  diet  was  not  as  good  as  the  first  mating.  Only 
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one  female  raised  three  young.  They  averaged  32  gm  at  21  days 
old  and  44  gm  at  28  days  old.  Poorer  reproduction  was  in  all 
probability  due  to  the  depletion  of  the  mothers'  bodies  after 
raising  a  nonaal  litter* 

oterman  and  Hall  (1947)  found  that  the  addition  of  10.3 
ug  per  gram  of  flour  of  calcium  pantothenate  improved  the  re- 
production record  of  tue  rats  on  a  diet  containing  40  per  cent 
enriched  flour.  In  view  of  this  fact  it  was  decided  to  add 
the  same  araount  of  calciua  pantothenate  to  the  enriched  flour 
used  in  taose  diets  to  detenaine  if  the  lack  of  calcium  panto- 
thenate could  be  t is  liriiting  factor  in  reproduction.  The 
rats  were  placed  together  for  breeding  purposes.   One  femalo 
produced  and  raised  two  young.  At  21  days  of  age  their  weights 
averaged  23  gm,  while  at  28  days  of  age  they  averaged  23  gm. 
This  weight  is  10  gm  less  than  the  second  generation  rats  on 
the  diet  containing  whole  wheat.  Him  weeks  after  they  had 
been  reuoved  i>oa  their  mother  at  28  days  of  ago,  tlie  rats  had 
an  average  weight  gain  of  113  gm  which  is  42  gm  less  than  the 
first  generation  who  gained  155  gm  during  the  same  period. 
These  young  rats  iiad  very  sparse  hair,  later  they  grew  a  good 
coat  of  hair  but  it  had  a  soft  texture  possibly  indicating 
that  tiiey  had  not  matured  properly.  When  they  were  discarded 
at  the  end  of  nine  weeks  their  eyes  tvere  red-rlumed  and  puff- 
ed. There  is  no  adequate  explanation  for  tills,  since  these 
conditions  were  not  found  in  the  first  generation  of  the  rats 
on  the  same  diet. 

The  calcium  pantothenate  was  increased  to  40  ug  per  gm 
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of  flour  and  the  animals  were  mated.  Three  jwanft  were  raised 
by  one  female  on  the  die.      weighed  34  9a  at  21  days  of 

.ad  41  gm  at  28  days  of  ago  which  is  10  gm  more  than  the 
rats  that  were  born  ■  or  was  eating  the  diet  con- 

taining 10.3  ug  calcium  pantothenate  per  gm  of  flour.  These 
results  gave  evidence  t;iat  calcium  pantothenate  improved  the 
reproduction  of  rats  eating  a  natural  diet  in  which  62  per 
cent  of  the  calories  cane  from  enriched  flour.  It  also  ■ 
probable  tliat  the  larger  amount  (40  ug  per  gm  of  flour)  was 
more  effective  than  the  smaller  ■Hunk  (10.3  ug  per  gm  of 
flour) . 

The  rats  on  tlie  diet  containing  non-enriched  flour  pro- 
duced no  young,  possibly  because  the  diet  was  deficient  in 
some  nutrient  necessary  for  reproduction.  To  determine  whether 
or  not  this  was  the  reason  or  whether  there  was  an  organic  dis- 
order of  the  reproduction  or.       a  rats  were  placed  on  a 
stock  diet  and  mated.  On  this  adequate  diet  each  female  aver- 
aged seven  normal  young.  These  results  gave  evidence  that  the 
lack  of  reproduction  was  caused  by  a  deficiency  in  the  diet. 
Tills  deficiency  was  in  all  probability  the  B-co:aplex  vitamins, 
since  all  other  nutrients  were  supplied  in  a  sufficient  anount. 

The  rats  on  tiie  cornstarch  diet  were  small  and  thin.  The 
liair  was  sparse,  two  of  the  rats  were  aluost  nude  when  they 
were  discarded.  The  rats  wore  sensitive  to  touch  and  no 
reproduction  occurred.  Those  deficiencies  can  possibly  be 
attributed  to  the  lack  of  the  B-complex  vitamins  in  the  diet. 
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Second  Experiment:  Flour  Furnished  40  Per  Cent 
of  the  Total  Calories 


The  average  weight  gains  of  tlie  rats  on  experiment  II 
are  shown  in  Table  14  and  by  the  growth  curves  in  Fig.  2. 
the  end  of  nine  weeks  the  rats  eating  diet  1,  containing  40 
per  cent  enriched  flour,  had  gained  an  average  of  152  gm.  or 
10  gm  more  than  the  animals  on  the  non-enriched  flour  diet 
that  had  gained  an  average  of  142  gm  during  the  sane  period 
of  time.  The  animals  eating  the  cornstarch  diet  gained  an 
average  of  117  gm  or  25  gm  less  than  the  animals  on  the  non- 
enriched  flour  diet  during  the  nine  week  period.  These  growth 
differences  are  shown  in  the  photographs  of  typical  rats  from 
each  diet  in  Plate  II, 

The  nutritive  values  of  diets  1,  2,  and  o  are  shown  in 
Tables  7,  8,  and  9,  respectively.  The  smaller  difference  in 
the  average  weight  gains  between  the  rats  on  the  cornstarch 
and  the  non-enriched  flour  diet  could  possibly  be  attributed 
to  the  addition  of  vitamin  free  casein  to  the  cornstarch  diet 
of  experiment  II.  This  brought  the  protein  value  of  the  diet 
to  approximately  the  same  level  as  the  enriched  and  non- 
enriched  flour  diets.  The  amount  of  iron  varied  from  10.8  mg 
in  the  cornstarch  diet  to  20.6  mg  in  the  enriched  flour  diet 
while  the  non-enriched  flour  diet  contained  13.2  mg  of  iron. 
The  iron  value  of  the  cornstarch  diet  was  a  little  below  the 
recommended  allowances  of  12  mg  per  day  but  tiie  other  two 
diets  were  adequate. 
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The  thiamine  values  varied  from  a  low  of  1.09  rag  In 
to  cornstarch  diet  to  a  high  of  2.61  ag  in  the  enri' 
flour  diet.  The  non-enriched  flour  diet  contained  1.36  rag 
of  thiamine.  The  amount  was  adequate  in  the  onr'.c'ied  flour 
diet  but  not  in  the  non-enriched  flour  or  in  the  cornstr 
dlet,  since  the  recommended  allowance  is  1.4  nig  per  day.  The 
amount  of  niacin  was  deficient  in  both  the  non-onrlched  flour 
and  In  the  cornstarch  diet  with  values  of  0.5  mg  and  .    , 
respectively.  The  enriched  flour  diet  was  adequate  with  18.6 
mg  of  niacin.  The  cornstarch  diet  was  low  in  riboflavin.  It 
contained  1.57  mg  while  the  enriched  flour  and  non-enriched 
flour  diets  contained  2.43  ag  and  1.71  ng  of  riboflavin.  The 
recommended  allowances  of  niacin  and  riboflavin  aro  14  ng 
and  1.8  mg  per  day. 

There  was  considerable  differences  in  the  nutrients  in 
the  enriched  and  non-enriched  flour  diets.  The  differences 
of  10  gm  gain  in  weight  made  by  the  animals  on  the  enriched 
flour  diet  over  the  gain  made  by  the  animals  on  the  non- 
enriched  flour  diet  may  in  part  be  attributed  to  the  differ- 
ences in  the  vitamin  and  iron  content  of  the  diet.  The  en- 
riched flour  contained  1.9  times  as  nuch  thiamine,  1.4  tines 
as  much  riboflavin,  and  1.6  times  as  much  iron  as  the  non- 
enriched  flour  diet. 

At  the  end  of  nine  weeks  the  males  and  females  on  the 
same  diet  were  placed  together  for  breeding  purposes.  Vita- 
min E   was  added  to  the  diets  at  this  time,  each  rot  was  ^iven 
3  ag  a  day.  There  was  no  successful  reproduction,  one  female 


on  each  of  the  enriched  and  non-enriched  flour  diet  produced 
a  litter  of  dead  young.  At  the  end  of  1 .       Ghe  rats  on 
experiment  11  were  placed  on  a  stock  diet,  to  determine  If 
there  were  organic  disorders  of  the  reproductive  system.  On 
tills  adequate  diet  the  females  on        Ichod  flour 
produced  an  average  of  3even  normal  youi-  .         les  on 
the  non-enriched  diet  produced  an  average  of  six  noriaol  young, 
while  the  females  on  the  cornstarch  diet  produced  an  average 
of  two  normal  young.  Tills  gave  evidence  that  tlie  diets  were 
deficient  for  reproduction,  probably  due  to  the  small  amount 
of  the  B-complex  vitamins  in  the  die  . 


Third  Experiment:  Flour  Furnished  33  Per  Cent 
of  the  Total  Calories 


The  average  weight  gains  of  the  rats  on  experiment  III 
are  shown  in  the  weight  cliart  In  Table  15  and  by  the  growth 
curves  In  Fig.  2,  By  the  end  of  nine  weeks,  the  rats  eating 
the  diet  which  contained  enriched  flour  had  gained  214  gnu 
Tola  was  3  gm  less  gain  than  that  made  by  the  animals  on  the 
diets  which  Included  non-enriched  flour  and  cornstarch.  These 
had  gained  217  gm  each.  The  small  variation  in  the  growth 
rate  of  the  rats  on  the  different  diets  in  this  experiment 
could  possibly  be  attributed  to  the  smaller  per  cent  of 
calories  from  cereals,  therefore  a  greater  per  cent  of  the 
calories  came  from  the  protective  foods;  I.e.,  meat,  milk, 
eggs,  fruit,  and  vegetables.  The  meat  In  exporlment  III 
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furnished.  5.2  per  cent  of  the  total  calorics,  while  the  meat 
furnished  3.6  per  cent  and  3,8  per  cent  of  the  total  calories 
in  experiments  I  and  II.  In  the  third  experiment  13.7  per 
cent  of  the  total  calories  were  furnished  bg       Lk  while 
in  the  first  and  second  experiment  the  milk  furn."-:     .  .  a-id 
9.9  per  cent  of  the  calories.  The  eggs  in  experiment  II 
furnished  2.6  per  cent  of  the  calories  while  tie  eggs  in. 
experiments  I  and  III  furnished  0.6  per  cent  and  0.9  per  cent 
of  the  calories.    M  ^>ults  and  vegetables  contributed  a 
total  of  5.3  per  cent  of  the  calories  in  experiment  III  while 
the  fruits  wd  v&getables  furnished  a  total  of  3.6  and  4.4 
per  cent  of  the  calories  in  experiments  I  and  II.  lieiabers  of 

the  B-coiaplex,  other  than  rlbofl.,   ,  _  -~,  and  niacin, 

evidently  are  furnished  by  the  protective  foods  to  a  larger 
extent  than  by  the  refined  cereals  or  by  enriched  flour.  This 
apparently  affords  better  grov/th  for  young  rats,  j-ven  though 
the  diets  that  contained  non-enriched  flour  and  cornstarch 
did  not  have  the  recommeni      Mb  of  all  the  3-complex  vita- 
mins that  were  calculated,  the  rats  on  these  diets  grew  at 
approximately  the  same  rate  as  the  animals  eating  the  diet 
which  containod  enriched  flour. 

Tables  10,  11,  and  12  show  tlio  nutritive  value  of  diets 
1,  2,  and  5  of  this  oxperiment.  The  diet  which  contained  en- 

,d  flour  iiad  2.32  mg  of  thiamine  while  the  diets  that  con- 
tained non-enriched  flour  and  cornstarch  had  1.29  mg  and  1.19 
mg  of  thiamine.  The  recommended  amount  of  thiamine  is  1.4  ug, 
therefore,  neither  the  non-enriched  nor  the  cornstarch  diet 
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had  the  recommended  amount  of  thiamine.  The  recommended 
allowance  of  riboflavin  is  It     «r  day.  Only  the  enriched 
flour  diet  riet  fiis  requireiaent  with  2*56   .   he  enriched 
flour  diet  contained  1.73  ng  of  riboflavin  while  the  corn- 
starch diot  contained  1.68  mg,  these  amounts  v;oro  both  very 
nearly  adequate.  Diet  1,  with  enriched  flour,  contained  16.6 
mg  or  2.6  mg  more  than  the  recommended  daily  allowance  of 
niacin  which  is  1    .   lot  2,  with  non-enriched  flour, 
included  9.8  mg  of  niacin  while  diet  3,  with  cornstarch,  had 
7.8  mg  of  niacin.  Those  anounts  are  lower  than  the  recommend- 
ed amount. 

The  males  and  females  on  the  same  diet  were  placed  to- 
gether for  breeding  purposes  at  the  ond  of  seven  weeks.  Living 
young  were  produced  by  the  females  on  all  diets.  The  female 
rats  on  the  diet  which  contained  enriched  flour  had  an  average 
of  two  to  three  young.  The  females  eating  the  non-enriched 
flour  had  an  average  of  four  young  while  the  females  on  the 
cornstarch  diet  had  an  average  of  five  young.  At  21  days  of 
age  the  young  on  the  diets  that  contained  non-enriched  flour 
and  cornstarch  weighed  an  average  of  17  go  while  the  young  of 
the  animals  on  the  enriched  flour  diet  weighed  24  gm  by  21 
day3.  At  28  days  of  age  the  young  on  the  diet  containing  corn- 
starch weighed  29  gm,  the  young  with  non-enriched  flour  in 
the  diet  weighed  26  gta,  while  the  young  on  the  diet  containing 
enriched  flour  weighed  41  gnu  The  young  on  the  diets  con- 
taining non-enriched  flour  and  cornstarch  had  sparse  hair 
while  the  young  on  the  diet       a iched  flour  had  normal 
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hair.  These  animals  were  s.iallor  than  normal  young  for  the 
same  age  which  weighed  approximately  45  gm  at  28  days.  All 
of  the  diets  approac  of  adoquacy,  'c.-hich 

allowed  reproduction  to  tahe  place.  Even  though  comstc_ 
and  non-enrit       a?  were  included  in  the  diet  at  the  same 
level  as  the  enriched  flour;   .  .,  53  per  cent,  the  amounts 
of  the  thiamine,  riboflavin,  and  iron  were  not  low  enough  in 
tiose  diets  to  make  any  real  difference  in  reproduction  between 
the  animals  on  the  different  diets. 

General  Discussion  of  the  B       „riments 

The  animals  in  the  throe  experiments  using  whole  wheat, 
enriched  flour,  non-enriched  flour,  and  cornstarch  as  62,  40, 
and  33  per  cent  of  the  total  calories  in  the  diet  showed 
considerable  differences  in  growth  rates.  The  greatest  weight 
gains  were  made  by  the  rats  eating  the  diets  that  contained 
33  per  cent  cereals.  In  diets  where  62,  40,  and  33  per  cent 
of  the  total  calories  were  supplied  by  enriched  flour,  t 
animals  gained  155,  152,  and  214  gm,  respectively.  The  rats 
with  diets  containing  62  and  40  per  cent  of  the  calories  from 
enriched  flour  varied  only  3  gm  in  their  aver.        .t  gains 

o  the  rats  on  the  diet  containing  33  per  cent  gained  59 
gm  more  during  the  test  period  than  those  on  the  62  per  c 
diet. 

i  the  calculated  nutritive  value  of  the  62  per 
cent  enriched  flour  diet  was  higher,  as  can  be  seen  in  Tables 


4,  7,  and  10,  the  rats  did  not  grow  as  rapidly  as  did  the 
animals  on  the  33  per  cent  diet*    o  diet  with  62  per  cent 
enriched  flour  supplied  117.8  gm  protein,  the  diet  with  40 
per  cent  contained  99.7  gm  protein  while  tho  33  per  cent  en- 
riched flour  diet  was  fairly  adequato  with  67.1  gm.  All  tlie 
diets  were  adequate  in  calcium  with  1.100,  .   ,    and  .926  ga 
calcium  for  tho  diets  containing  62,  40,  and  33  por  cent  en- 

3d   flour,  respectively, 

e  iron  supplied  by  the  diets  containing  enriclied  flour 
was  adequate  at  all  levels.  Tlioy  contained  •  20.60,  and 
16.90  Big  in  the  diets  supplying  62,  40,  and  33  pe?  cent  of 

-alories  from  enriched  flour.  While  the  th1— 1n»  content 
of  the  diets  was  adequate  at  the  three  cereal  level3,  the 
amount  of  thiamine  supplied  by  the  diet  containing  62  per  cent 
enriched  flour  was  4.13  mg.  The  diets  with  40  and  35  per  cent 
cereals  had  a  thiamine  content  of  2.61  and  2.32  mg  with  the 

-jr  cent  diet  having  the  aiualler  amount. 
The  riboflavin  content  of  the  diets  was  sufficient  in 
all  diets  containing  enriched  flonr.  The  diet  with  62  per 
cent  calories  from  enriched  flour  contained  3.46  mg  of  ribo- 
flavin while  the  diets  containing  40  and  33  por  cent  of. 
calories  from  enriched  flour  supplied  2.43  mg  and  2.36  nig  of 
riboflavin.  The  diet  with  62  per  cent  of  the  calories  supplied 
by  the  enriched  flour  contained  the  largest  amount  of  niacin, 
28.8  mg,  while  the  other  diets  were  more  than  adequate  with 
13.6  mg  and  16.6  mg  in  the  diets  with  40  and  33  per  cent  of 
the  calories  from  enriched  flour.  These  results  were  to  be 
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expected  since  these  four  nutrients;  i.e.,  iron,  thiamine, 
riboflavin,  and  niacin,  ape  added  to  t:,c  flour  w  ien  it  is 

.  per  cer.i,       oals  is  used  in  dietc, 
such  as  ones  eaten  by  people  on  low  incoiaes,  the  earicljed 
flour  is  of  some  value  in  supplying  iron,  thiamine,  riboflavin, 
and  niacin.  T'lis  is  shown  by  the  average  weight  gains  of  the 
animals  on  non-enriched  flour  which  gained  at  the  62  per  cent 
level  an  average  of  138  gra  in  the  test  period  which  is  17  gm 

than  those  on  enriched  flour.  Those  on  the  40  per  cent 
and  33  per  cent  levels  of  non-enriched  flour  gained  142  g» 
and  217  gm,  respectively.  The  animals  on  the  33  per  cent  diet 
gained  62  gm  more  than  the  animals  on  the  62  per  cent  cereal 
diot  while  the  animals  consulting  40  per  cent  non-enriched 
flour  diet  gained  13  gm  more  tlian  t-io  rats  eating  the  62  per 
cent  non-enriched  flour  diet.  The  protein  content  of  the 
non-enriched  flour  diets  were  identical  with  the  enriched 
flour  diet  on  the  same  experiment  as  is  shown  by  the  nutritive 
value  in  Tables  5,  3,  and  11.  Therefore,  the  growth  differ- 
ences were  due  to  the  difference  in  the  B-complex  value  of 
the  diet  and  not  to  the  protein  value. 

The  iron  supplied  by  these  diets  is  adequate  except  that 
the  diet  containing  33  per  cent  of  the  calories  from  non- 
enriched  flour  was  not  quite  adequate  with  11.40  mg  of  iron. 
The  62  and  40  per  cent  diet  contained  a  plentiful  supply  of 
iron  with  14.73  mg  and  13.2  nig.  The  thiamine  content  was 
adequate  only  in  the  62  per  cent  diet  with  1.63  mg  supplied. 
The  40  per  cent  and  the  33  per  cent  diets  were  just  below  the 
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recommended  amount  with  1.36  mg  and  1.29  ag  of  riboflavin 
supplied.  The  tL.iouat  of  riboflavin  is  just  under  the  amount 
recommended  in  the  diets  containing  non-enriched  flour.  The- 
62  per  cent  diet  contained  1*69  Kg  while  the  40  and  33  per 
cent  diets  contained  1.71  mg  and  1.73  rag.  The  amount  of 
niacin  Is  also  inadequate  in  the  three  diets  containing  non- 
enriched  flour.  The  diet  containing  33  per  cent  non-enriched 
flour  lias  the  largest  amount,  S.8  mg,  while  the  40  per  cent 
diet  has  9.5  ;ag.  The  62  per  cent  diet  has  9.5  og.  The  62 
per  cent  diet  is  quite  inadequate  with  5.8  mg  of  niacin. 
There  is  evidence,  however,  thaet  rats  are  not  sensitive  to  a 
niacin  deficiency  bt  i 

The  animals  on  the  cornstarch  diet  gained  73,  117,  and 
217  gm  on  experiments  containing  62,  40,  and  33  per  cent  of 
the  total  calories  from  cereals  in  tho  diots.  There  is  a 
wide  range  in  the  weight  gains  of  the  rats  on  the  cornstarch 
diets*  The  rats  on  35  per  cent  cornstarch  diet  gained  217 
gm  or  100  ga  more  than  tiie  rats  eating  tiie  diet  with  40  per 
cent  cornstarch.  The  animals  v/ith  62  per  cent  cornstarch  in 
the  diet  gained  73  ga  or  44  gm  less  than  the  animals  eating 

let  with  40  per  cent  cornsti- 

Only  the  rats  eating  33  per  cent  cornstarch  diet  ro- 
produced.   Vith  a  larger  per  cent  of  purified  cereal  a 

_  oient  amount  of  nutrients  are  not  present  for  repro- 
ductive activity. 

nutritive  value  wt    t  m   cornstarch  diets  was  shown  in 
Tables  6,  3,  and  12.  The  protein  content  of  the  diets  con- 


taining  40  and  53  per  coat  cornstarch  was  the  asu.ie  as  the 
protein  content  or  the  other  diets  of  their  respective  experi- 

-,  wiiile  tiie  protein  content  of  tiie  cornstarch  diet  con- 
taining 62  per  cent  corn3tarcu  contained  44.9  gra  of  protein 
or  40  gia  less  than  the  other  diets  on  tiie  saiac  experiment. 
This  deficiency  of  protein  is  possibly  responsible  for  part 
of  the  low  weight  gains  of  this  group  of  animal s.  The  diets 
containing  cornstarch  were  all  deficient  in  iron,  thiamine, 
riboflavin,  and  niacin.  The  supply  of  iron  was  fairly  high. 
The  40  per  cent  cornstarch  diet  contained  10.30  mg  while  the 
62  per  cent  and  33  per  cent  diet  contained  10.00  ng  and  9.60 
mg  of  iron.  The  33  per  cent  cornstarch  diet  had  tiie  largest 
supply  of  riboflavin  with  1.19  mg  while  the  62  per  cent  and 
tiie  40  per  cent  cornstarch  diets  had  1.11  mg  and  1.09  mg. 
The  33  per  cent  cornstarch  diet  had  the  largest  supply  of 
riboflavin  with  1.68  mg  while  the  62  por  cent  and  the  40  per 
cent  diet  had  1.67  mg  and  1.57  mg  each.  The  amount  of  niacin 
was  quite  inadequate  in  the  cornstarch  diets.  The  33  por 
cent  diet  had  7.8  mg  while  the  62  per  cent  and  tiie  40  per 
cent  diet  contained  5.2  mg  and  6.8  mg. 

The  diets  witii  33  per  cent  of  the  calories  from  cereal 
were  lower  in  nutrients  taan  the  equivalent  diets  on  the  other 
experiments  except  in  the  diets  that  included  cornstarch.  The 
animals  on  this  experiment,  however,  grew  at  a  much  greater 
rate  than  did  the  animals  on  trie  diets  that  were  more  nearly 
adequate  by  calculations.  Tills  can  be  accounted  for  only  by 
factors,  other  than  those  calculated,  that  were  supplied  nore 
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abundantly  by  the  larger  per  cent  of  protective  foods  in  the 
diet  with  33  per  cent  of  tiie  total  calories  from  cereals. 

soattOE 

Three  experiments,  using  the  albino  rat  as  the  experi- 
mental animal,  have  been  carried  out  to  compare  the  nutri- 
tive value  of  whole  wheat,  enriched  flour,  non-enriched  flour, 
and  cornstarch  when  included  in  tiie  diet  in  amounts  to  provide 
approxlioateiy  G2,  40,  and  33  per  cent  of  the  total  calorics 

•  diets  consisted  of  natural  foods  in  amounts 
consumed  in  I      aa  dietary.  Considerativ.-      ..ven  to 
diets  which  have  been  consumed  bj  the  low  income  groups.  These 
diets  were  high  in  cereal  content. 

Calculations  of  the  nutritive  value  of  the  different  diets 
were  made  and  ee      ma   of  the  adequacy  of  the  dietaries 
were  included  in  the  report.  Tables  showinv.      Irirlj  woi 
gain  of  the  rats  and  growtii  curves  illustrating  the  differences 
in  growth  rates  are  also  given. 

The  results  showed  that  better  growth  and  reproduction 
were  obtained  when  33  per  cent  of  the  calories  carie  from 
cereals  rather  than  when  40  or  G2  per  cent  of  the  calories 
■ere  from  this  source.  This  was  because  the  larger  quantities 
of  protective  foods;  -.-.,  ■**&*  ..     -,    .,  fruits,  and 
vegetables,  in  the  diet  provided  a  more  equal  distribution  of 
all  the  food  essentials  in  the  diet. 

jjed  that  better  growth  and  reproduction  re- 
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suited  wien  enriched  flour  provided  40  or  62  per  oeut  of  the 
calories  of  the  on  non-enrli,       dp  furait 

calories  at  the  same  le\   .     nut*  attributed  to  the 
larger  quantities  of  iron,  thiamine,  riboflavin,  and  :iiacin, 
wiiich  were  added  to  t  on  it  was  enriched. 

Since  vitamin  E   was  added  to  the  diets  it  would  not 
appear  to  be  a  limiting  factor  in  any  of  the  diets. 

conditions  of  tiese  experiments,  it  appears 
that  tiie  limiting  factor  in  the  diet3  using  enriciied  flour  aa 
a  source  of  calories  is  the  lach  of  tl*e  B-complex  vit aulas 
other  than  thiamine,  riboflavin,  and  niacin,  wiiich  are  added 
to  flour  when  it  is  out'-Cied, 

Slightly  better  growth  was  obtained  when  non-enriched 
flour  provided  40  pc^      if  the  calories  than  when  62  per 
cent  of  the  calories  were  from  non-enriched  flour,  however, 
growth  of  the  rats  eating  the  diet  containing  62  per  - 
enriched  flour  was  a  litfcl  tm  t  .e   growth  of  tiie 

rats  eating  the  diet  that  contained  40  per  cent  enriched 
flour. 
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Table  1.  Pood  supply  of  rural  families  in  Pic'cens  County, 
South  Carolina.  Low  values^. 


Type  of  food     : 

: 

rood  consun- 
ed  per  year 

:  Lbs. 

:  per  year 

Lbs. 
per  day 

per  day 

tXk 

60 

gal. 

480 

1.32 

597.96 

parfct 

47 

Ib3. 

47 

.13 

58.89 

■Ml 

45 

lbs. 

45 

.12 

54.36 

Eggs 

9 

doz. 

14.79 

Potatoes 

138 

lbs. 

138 

.38 

172.14 

Legumes 

11 

lbs. 

11 

.03 

13.68 

Leafy,  green, 
yellow  vegetables 

63 

lbs. 

63 

.19 

36.07 

1  iatoes  and 
citrus  fruit 

46 

lbs. 

M 

.12 

54.36 

Other  ve^etablos 

43 

lbs. 

43 

.11 

49.83 

Other  fruits 

36 

lbs. 

36 

104.19 

Cornmeal  and  frits 

114 

lbs. 

114 

.31 

140.43 

■t  flour 

141 

lbs. 

141 

.39 

176.67 

All  cereal 
products 

282 

lbs. 

232 

.79 

357.87 

Sugar 

30 

lbs. 

50 

.08 

.24 

r  (1945) 
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ENRICHED   FLOUR. 


GM 
GAIN 
'161 


57 


290  r- 


270 


250  - 


:30 


210 


to 

2  190 
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WEEKS    I 


EXPLANATION  OP  PLATE  I 

Pe:aale  rats  on  Experiment  I. 
3285    Diet  1  containing  whole  wheat. 
3283    Diet  2  containing  enriched  flour. 
3299    Diet  3  containing  non-enriched  flour. 
3298    Diet  4  containing  cornstarch. 


PLATE   I 
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^XPLAIIATIOIV  0?  PLATE  II 

Fejiiale  rats   on  JJiroeriuent  II. 

3308  Diet  1  contaJ.nlns  enriched  flour. 

3310  Diet  2  containing  non-enriched  flour. 

3311  Diet  3  containing  cornstarch. 
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PLATE   II 
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ac;;     [  niT 

Appreciation  is  expressed  to  Dr«  Beuleh  D.  Vj'esterman, 
Professor  of  Foods  and  nutrition,  for  her  sincere  interest 
and  guidance  throughout  this  thesis  study. 
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